Purple photosynthetic light-harvesting (LH2) is an attractive complex module for assembling hybrid nanostructures that feature energy transfer. LH2 has a broad absorption spectrum range from ultraviolet (UV) to near-infra red (NIR) region. Bacteriochlorophyll a molecules absorb at 320 nm to 400 nm (Soret band), 585 nm (Qx) and at NIR region (B800 and B850 bands), while carotenoid absorption bands span from 400 nm to 550 nm. LH2 has to be extracted from its native lipid bilayer membrane and placed in suitable matrix that less mobile and better adherent than the native lipid environment to determine its function. Previous results on pigment ratio determination in different strains of purple photosynthetic bacteria suggested a variation during initial log phase and late log phase. In this experiment, the goal is to reveal the behavior of pigment ratio in LH2 of Rhodopseudomonas palustris during irradiation of certain intensity of light. Photostability assay of LH2 from Rhodopseudomonas palustris in n-dodecyl-β-D-maltoside or DDM was determined under continuous illumination (3 000 μmol·m -2 ·s -1 ) for 300 min at room temperature by recording the absorption spectra. Degradation was observed in B850 and B800 at about 67 % and 64 %, respectively, as well as blue shift in B850. Initial pigments isolated from LH2 suggested a mixture of carotenoids and bacteriochlorophylls which was determined further using a high-performance liquid chromatography (HPLC).
INTRODUCTION
Sunlight provides source of energy with a wide spectrum that ranges from ultraviolet （ UV ） to infrared regions (300 nm to 2 000 nm). Purple photosynthetic bacteria have evolved their photosynthetic unit to incorporate carotenoid and bacteriochlorophyll (BChl) pigments embedded with protein as complex molecules, i.e. the lightharvesting complexes and the reaction centers. These well-structure molecules function as devices that are able to absorb photon in the UV-visible regions by carotenoid and chlorophyll molecules and transfer that absorbed energy. Upon the absorption, the energy is stored in the excited states and then transferred to the reaction centers at nearinfrared (NIR) region (at 875 nm) within a few hundred picosecond [1] .
(a) (b) Figure 1 (a) Side view of crystal structure of light-harvesting (LH2) complex that shows polypeptides, B800 Bchls (blue) and B850 Bchls (red) [6] and (b) Absorption spectrum of LH2 that spans from UV to NIR region
The peripheral light-harvesting (LH2) complexes used in this experiment were isolated from purple photosynthetic bacterium Rhodopseudomonas (Rps.) palustris. A single LH2 complex contains nine carotenoids and 27 Bchl a molecules, which are arranged in two rings: B800 and B850 ( Figure 1a blue and red colored molecules, respectively) [1] [2] [3] . The Bchl a molecules in LH2 also absorb at UV region (300 nm to 400 nm) and at 585 nm, while the carotenoid molecule absorption bands span from 400 nm to 500 nm ( Figure 1b ). This broad absorption spectrum due to large number of pigments comprising the LH2 has made this biomolecule highly attractive for assembling hybrid nanostructure for solar cell. However, isolating this LH2 from its native membrane bilayers may minimize interaction with the surrounding lipids, which are important for maintaining the stability [5, 6] .
LH2 integral membrane antenna complex in purple photosynthetic bacteria is similar but clearly distinct to LH1. Bchl pigments in LH2 exhibit spectrally different compared to those from LH1. There are two well-separated absorption bands which centered at around 800 nm and 850 nm, referring to B800 and B850 pigments. For B800 pigments, the Bchls exist in monomeric form and forming a ring that parallel to the plane of the membrane that the complex embedded in; while for the B850 pigments, each subunit consists of two Bchls, in the form of arrangement of coupled dimer.
The light-harvesting complexes showed instability against exposure of light. Protein incorporated in the structure was unfolded and the pigments were detached from the complexes. Moreover, spectral analysis revealed a blue-shift on the absorption maxima during photostability assay [8] . This phenomenon suggested a change in Bchl and carotenoid ratio in the complexes. This paper would show behavior of pigment ratio in LH2 complexes under illumination of light exposure by means of spectroscopy and chromatography analysis.
MATERIAL AND METHOD

Isolation and Purification
Cells of Rps. palustris were grown with succinate media [8] The band containing LH2 complexes (upper pigmented band) was collected and purified on DE-52 cellulose (Whatman, Maidstone, England) column. The column was prewashed with 20 mM Tris-HCl buffer (pH 8.0) containing 0.1 % LDAO. Using 50 mM, 100 mM, 150 mM, 200 mM, and 250 mM NaCl in 20 mM Tris-HCl buffer (pH 8.0) containing 0.1 % LDAO, collected band of LH2 complexes was washed through the column. A desalting step was performed using a PD-10 column afterwards. Final step of purification was performed using a high-performance liquid chromatography (HPLC) with BioSep SEC s-3000 as the purifying column and 20 mM Tris-HCl buffer (pH 8.0) containing 0.1% LDAO as the mobile phase (flow rate, 0.5 ml min -1 ). Detection was at 280 nm and 370 nm.
Photostability Assay
LDAO was removed from LH2 complexes by performing centrifugation with a vivaspin. Detergent was changed into 0.02 % of n-dodecyl-β -Dmaltoside (DDM). LH2 complexes in DDM were suspended again in 20 mM Tris HCl buffer (pH 8.0) containing 0.02 % DDM and adjusted to give absorption of 1 AU at B850 band. The sample was illuminated with 3 000 μmol m -2 ·s -1 intensity from an artificial daylight with a broad spectra at visible region. Absorption spectrum was determined with UV-Vis Spectrophotometer (UV-Vis-1700 MultiSpec) from UV to NIR region (250 nm to 1 000 nm).
Determination of Pigment Ratio
Pigment extraction from LH2 complexes was carried out based on developed method [10] . The lightharvesting complex was loaded onto DE-52 ion exchange column. To remove remaining detergent, column was washed with water, subsequently N2 flow was applied to remove residual water until the column was dry. Pigments were extracted with a mixture of acetone and methanol (7: 2, v/v). The pigments were dried using nitrogen flow and redissolved in acetone to measure the absorption spectra and pigment composition in HPLC.
Pigment composition was determined using reversed-phase HPLC (Shimadzu, Kyoto, Japan) with photodiode array detector (PDA) [11] . The column was Shimpack VP-ODS C18 with a mixture of acetonitrile, methanol and dicloromethane (70:15:15, v/v/v) as mobile phase at a flow rate of 1 mL min -1 . Detection was at 470 nm and 770 nm.
RESULTS AND DISCUSSION
Degradation Analysis and Pigment Composition
Pigment-protein complexes isolated from Rps. palustris were irradiated to determine degradation of intensity. Three peaks representing pigments in the complexes were monitored. i.e., peak at 858 nm for B850 band, 804 nm for B800 and 497 nm for carotenoids. After 300 min of irradiation, each peak underwent degradation of intensity at different rates. Figure 2 shows degradation rates of B850, B800 and carotenoid band. Degradation of intensity of 67 % was observed at B850, while B800 underwent 64 %. This rate of intensity led to faster degradation of B850 as can be seen in Figure 2b . In the beginning of experiment, higher intensity can be observed at B850 peak compared to B800, however, after 300 min of irradiation, B850 intensity was lower than B800 due to its faster degradation rate. At the same time, small peak slightly appeared at 700 nm region indicating formation of degradation products from Bchl, which most likely suggested chlorin formation [12, 13] . Faster degradation rate at Bchl, especially at B850, was more likely due to energy transfer process. B850 as the final receiver receives excess amount of energy as a result of energy transfer process, after which, the energy is dissipated as heat, thus, damaging the pigment. Carotenoid band at 497 nm underwent slower degradation of intensity than Bchl band, i.e. 40 % of degradation after 300 min and it also changed in spectral shape. Further analysis using HPLC revealed composition of pigments extracted from the complexes. Table 1 shows tentative identification of pigments in LH complex from Rps. palustris based on maximum absorption and retention time of the separated peaks [11] . Rhodovibrin, rhodopin and spiriloxanthin were observed in a low amount at 5.17 min, 5.44 min and 6.48 min, respectively, while anhydrorhodovibrin and lycopene appeared in a higher intensity at 8.34 min and 8.87 min, respectively. Bchl a was also observed at 9.6 min. Each peak number in Table 1 is corresponding to peak number in the chromatograms (Figure 4) . 
Determination of Pigment Ratio
Spectral analysis on pigments from irradiated complexes (before and after irradiation for 300 min) was performed to determine changes in pigment ratio. From Figure 3 , absorption of Bchl (770 nm) and carotenoids (480 nm) clearly underwent degradation of intensity, however, only in carotenoid bands, changes in spectral pattern were observed. This suggested changes in carotenoid composition in the complexes. Moreover, HPLC analysis showed more detailed results in pigment ratio due to the availability of peak area data from designated peak. Figure 4 shows the comparison between HPLC area of Bchl group and carotenoid group. Before irradiation was applied, Bchls showed higher amount than carotenoids of which the ratio was 1:0.96. After 300 min of irradiation, HPLC area of both groups decreased, however, the ratio of Bchls to carotenoids changed (1:3.51) which suggested that carotenoids could still maintain their stability. Based on calculated concentration using Beer-Lambert law and extinction coefficient from each identified pigment, a massive degradation occurred in Bchls (93 %). While carotenoids underwent 21 % of degradation. This calculation confirm the behaviour of pigment degradation which was previously analyzed by spectrophotometer and HPLC area.
Further analysis on HPLC area ( Figure 5 ) on dominated carotenoids (anhydrorhodovibrin and lycopene) shows that lycopene underwent a faster degradation than anhydrorhodovibrin. HPLC area of lycopene (detection at 473 nm and tR 8.87 min) decreased at value of 83.16% while in anhydrorhodovibrin (detection at 486 nm and tR 8.34 min), the HPLC area decreased for 71.03 % after 300 min of irradiation. Anhydrorhodovibrin, having 12 conjugated double bonds, was more stable than lycopene which has 11 conjugated double bonds. This result confirmed that carotenoids which have longer conjugated double bonds are more stable towards light exposure [14] . Several factors contribute to the structural stability of carotenoids, such as hydrophobic interactions of carotenoids with apolar amino acid side chains, intermolecular π-π stacking interaction between carotenoids and aromatic amino acid side chains, and packing of carotenoids with their protruding methyl groups between rigid conjugated double bond chains and LH1 αβ-Bchls structural units. Moreover, carotenoids which have a longer conjugated double bond chain are good in giving protection to Bchls towards photooxidative damage [6, 14, 15] . Structure of carotenoids is relevant to a process named photoprotection towards Bchls. Due to the low-lying triplet states, carotenoids are able to quench the Bchl triplet states. Singlet oxygen which is formed from excitation on Bchl is highly reactive and damaging for biological molecules. Therefore, the existence of carotenoids in photosynthetic system is able to prevent the formation of singlet oxygen from excited states of Bchls [16] .
CONCLUSION
Light-harvesting complexes underwent degradation of intensity as well as peak shift which suggested change in Bchl-to-carotenoid ratio after irradiation. Carotenoids in light-harvesting complexes were able to maintain the stability during irradiation due to the stable structure and the ability for photoprotection.
